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In recent years the I’hysoderiiui disease ef corn (/m nuiy.f) has hmi 
reported as cioinj,^ considerable daiiui^v in llie sotUhern jeirl of (lie l'ni(ed 
States.' The uncertainty as to the dlstiibntion of tlic disease and its 
economic importance, together with Ihc lack of a knowKdge of (he lift' 
cycle and parasilisni of the causal organism and the possibility of its 
becoming a serious jx:st in the Coni Hell, led the OlTice of Cereal Invesii- 
gatioiis to undertake an exhaustive investigational study of the jiroldt in 
Tliis work was undertaken by the writer in Deeeinber, Since that 

time certain phases of tlie preiblcm luue been more or less completely 
dev eloped, while others are in need of furl hi r study. 

HISTORY 01' THI' HISJ'.VSI'; 


Shaw(i 9 )^ in 1912 reported tlie occurrence of (he disease in India as early 
as 1910, and gave a short d^scrijWion of the causal orgituism. At ihi- 
annual meeting ef the. .American Phyl(;pa(hologic;d Society at Cleve- 
lanil, Ohio, 1912, iiarretP icjyorted tlie occtirreiice of the diseiisf* in HH 
nois in 1911. In a personal interview llarrett slated that (le received 
specimens of diseased corn from Ohio and North Carolina, Ibine (/, 
p. 2j] states that the disease was knoali to be present in South Carolina 
as early as 191 1, and since that time has been doing considerable rlamage. 
Reports of the occurrence of t'le disease in (horgia in 1910 have come to 
the w'riter indirectly, but he has never l>e< n able to confirm I hem, 'I'here 
is no reason, however, to doiil't Its cociirrencc in Oeorgia at (hat lime, 
since it is now known to be so widi pread llironghoiit the country. 
Prof. J. M. Heal, of the Mississij^pi Agricultural College, notefl the disease 
in Mississippi as early as jpi^p Mr. A. P. Sjienccr, of the I'lorifia Agricul- 
tural College, claimed that considerable damage was caused by it. in Faike 
County, Piorida, in 1915. In the sunmeT nf ^ Melchiis/^/j I'ollei ted 
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specimens 0f the disease at Manhattan, Kansas, but, not being sure of it$ 
identity, kept the specimens unt^ 19x7 before making his report. A 
number of farmers throughout the South have told the writer that the 
disease has been present on their farms for many years. It was ncy^pubt 
present in this country a long time before being reported by patEolo^l^^ 


mSTRIuyTIOM*AND PRF.VALENCE 


Tn the third issue of the Plant Disease Survey Bulletin (9, />. 52), Sep- 
tember 15, 1917, the writer publisl^'d a map showing the known distribu- 
tion of Physoderinaze(u-‘}nadyis '^x\ 6 , the localities in which there was notice- 
able damage. The disease at that time seemed to be rather thoroughly 



I'lG. t.-Msp tbe distrihgtion oX Pkytodtrmn uae^ydis in the Unilcd Statn. Uroken Unes, 

P. wM-Bwiydiiprisciil: solid Hnr, P. ztat^aydis cattsipi: damaze. 


distributed throughout the Soutliem States as far north as North Carolina 
and Tennessee and west to the Mississippi River. Only single instances 
of its occurrence were known in Illinois and Ohio. Melchers ( 6 ) since that 
time has reported its occurrence in Kansas.as €3x17*08 1915. In Sep- 
tember |ind October, 1917, in cooperation with the Office of Plant Disease 
Survey, a detailed study was made of the prevalence and importance of 
the disease in representative localities of the infested area of the South- 
east, not including Florida, The surv'ey was also extended to deter- 
mine the d^tributic^ of the disease throughdut the United States. The 
disease was found to be prevalent "^practically throughout all localities 
\vl%crc the detailed survey w^ niade, very few fields being entirely free 
from it. The writer fbund diseased corn plants on the Blue Ridge 
Mountains of North Carolina at an elevation of about 3,000 feet. How- 
ever, it much less abundant than on tlie lowlands of the State. In 
the more extensive surv^ey the disease was found to occur in Arkansas, 
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Delaware, Indiana, Kentucky, Mdrylaml, Minnt^sota, Missouri, Nebraska, 
New Jersey, Oklahoma, vSonth Dakota, Texas, Virpinia, uruAWst Vir- 
ginia. It was also fourul in other sections of Kaiisiis, sou f hern Dlianis, 
and Ohio. The disease, however, lias not ytt been found lx* vend the 
eastern part of Texas and Oklahoma, northward to sc)tuheastem South 
Dakota and Minnesota. Likewise tlie nortluTn l)order of the infested 
zone extends from southern Soulli Dakota. and Minnesota 41 ^ 011)^11 
soutlicm Illinois, Indiana, Ohio.' WVst Mrginia, and Vir):inia, and along 
the coast regions of Maryland, Delaware, and New Jersey (tig' 1). The 
disease is apparently much less prevalent iiMhe area west of Mississippi, 
and north of North Carolina and Teinu-sst'C. 'tjie nature t>f the survev, 
being less intensive, may l>e responsible to ascertain e\t®it for this cun 
elusion. It is possible that the disease 1 ms spread almost, if not (piitc, 
to its northern and wesLeru limits permitted liy certain weather 
factors. 

KCONOMIC IM FORTANClv 

The nature of, the fungus causing the disease is such that its ability 
to produce serious injury to corn is limited by weather conditions, and 
yi any ordinary season only local damage need be ex|^ectcd. How- 
ever, in certain humid sections of the South, where the time for coni 
planting may extend over a period of three or four rtionths in each 
year, weather conditions will more than likely J)c such cm to favor a 
serious development of the disease on some of the jilantings. 'I'his 
holds true especially for the South Atlantic and Gulf coasts and lower 
Mississippi V’alley. 

Barre (^, p. 2^) says : 

Tlie com disease caused by Physodtrnta sp. as mentioned in (lie rcjjort hist ycfir 
Ikis caused serious loss again this year. 'Hi is disease was collected during the pa.it 
season at a number of widely separated points in the stafe and wems to be more 
wide spread than ever before, Tliis diiuasc tetiainly deservt s some attention and 
it is hoped that aji investigation of its life history ami habits can be undertaken in 
the near future. 

The disease was known to be caiising loss lu the com crop in l^lorida 
and Mississippi in 19^1 5. v 

During the suiatv of 1917 the most prcmounced losses were found 
along the Atlantic and Gulf coasts and in the Mississippi Valley. In 
the lowlands of North and South Carolina, and in tbc'Gulf and Della 
sections of Mississippi, frequent reports of much a.s*5 per cent loss 
were given by the sur\4^y men. In some cases the damage wjs intimated 
at 6 to 10 per cent of the crop. Tlie writer visitetl a few fields m the 
eastern part of South Carolina where the damage was perhai)s as much 
as 10 per cent. Tield.s of this kind, however, were seldom found. These 
estimates were based entirely on grain loss, whereas the foliage, which 
is not considered of greaf importanct except where the plants are used* 
for silage, etc., was often badly injured. Smaller areas sustaining con- 



140 


Journal of Agricultural Research 


Vol. XVI. No. s 


sid^rable damage were reported Ihrodghout file Southeast, and as far 
north as flie Mississippi Valley sections of southern Illinois and Missouri. 
These areas were usually very limited and were oonilned for the most ^ 
part to low, wet lands. Considering the infested area as a whole, how- 
ever, the percentage of damage, at least in the year 1917, was not very 
great. 

In lyiS, up to 'July 15, the disease had not developed to any great 
extent in the South. This fact was due, no doubt, to the very dry season 
in that section, which will be discuped later. However, mid-July is not 
too late for considerable injury to develop should conditions so change 
as to favor the disease. „ 

I-'ACTORS II^FLUIiNCINcf'Ti^ DEVELOPMENT OF THE DISEASE 

vSceniingly the more important factors in the development of the 
disease arc moisture and temperature. The fungus requires considerable 
moisture, with a fairly high temperature, for a high percentage of genni- 
nalioii and infection. If these conditions are realized^ before*the corn 
plants are more than lialf-grown, the disease probably will become severe 
if there is abundant sjiore material jiresenl. Th^ following information 
Regarding these factors has been noted : # 

(i).ScrioiJS injury has been connned largely to the South, where the 
summer lemj)eraturc is continuously high, and to localities in whidi 
there has been consijierable rainfall during the early growth of the corn 
crop, plants may become infected in the later stages of growth, but 
the damage is not likely to be great in cases of thiS kind. The w^ami 
siniimer sliOwers which nr.iy occur daily for a weak or more furnish ideal 
conditions for 4 he development of severe attacks bv zeae-niaydis. For 
instance, in tlje coast district of the Carolinas, where 4 hc disease was most 
severe in 1917, tlierenvas considerable rainfall in early summer. This 
would also hold true for the Delta in Mississippi and for southwestern 
Tennessee, where there was considerable rainfall in early June. 

{’) Where the seasons were dry the disease was more pronounced on 
corn gfdw'ing near water, or on low, wet land where the atmosphere was 
moist. Plants growing under tliese conditions are more likely to retain 
the sheath and bud water until the spores can germinate and produce 
infection. Conditions of this kind were noticeabljp at the South Carolina 
Station in 1918, where hom on the low bottom lands had considerably 
more infection ffian hi^land com. In the lowlands dhe foliage of plants 
is less subject to dr\*itig by winds. 

f ^\Tiere the early com season was dry and the late season wet the 
thseuse was more severe tin late com, and the reverse. Striking exam- 
ples of the former were noted at the Mississippi Station in 1917, where 
there was less than 10 per^nt infection on early com and as high as 40 
per cent infection on late com, and at the Kansas Station, where early 
com was almost free from the disease, while Idle com showed considerable 



Feb. 3. 1919 Physoderma Disease of Corn 141 

iuTection. The latter, however, might have been influencetl by tcinpera* 
tures. Early com at the Pee Dee'Statioti at Florence, vS. C., was dwarfed 
by dry weather in 1918 and was not attacked to any great extent I))’ the 
fungus. At Clenison College, S. C., very early and very late ct>m sus- 
tained considerable injury in 1917, while com of intenncdiale ages 
suffei^ much less ^inage. The midsinunier was very tlry at this 
sta^on, while the early and late seasons were rather wet. 

(4) Apparently the more vigonms plants in certain cases sustain the 
severest attacks. These plants, however, will not contimie to IcKik vig- 
orous after the disease has liad time to develop. The fact tluit these 
vigorous plants are capable of shieltling the free water which is held 
behind tile sheath and around thcgniwin^ ])oinl, or bud, from the drying 
effects of the wind and sun offers more favorable conditions for sjioro 
germination and no doubt accounts for tlie greater percentage of in fee 
tionon plants of this type. In low, wet fields small plants are injured 
the same as large ones. This greater injury to large, vigorous plants 
was more noticeable in dry territory. 

(5) Where seasons were wet— for instance, in the sections where 
greater damage was done in 1917 — there w'as little noticeable difference 
in the amount of infection on corn growing on high and on low lauds. 
At the South Carolina Station the most severe injury w^as caused to verv 
early com gro\^ on. comparatively# high land. As previously men- 
tioned, the early season was fairly wet at this point. 

(6) The disease w^as found on the Bine Bidge Mountains of Kortli 
Carolina at an elevation of about 3,nf)f) feet, where it is claimed tliat 
the summer nights are alw’ays cool. In 1917, corn foliage was killed 
by frost on vSep tern her 1 1 at this point. Very little of the diseitse was 
found at this elevation, however, even on wet lands. The disease is 
probably held in check to a certain extent by lo# teniixtratures which 
prevail at that elevation. A similar explanation was offered by the 
writer, in a summary of the survey work which was given by l.yman {4, 5), 
for the absence of serious injury by the disc^ase in the N'ortliern Stales. 
It w’as also tliought probable at that time that tfie disease had reached 
its northern limits. This sii^position was drawn from the results of 
temperature studies of the germination of sporangia in the laboratory, 
Since that time, however, further investigation has aljown that the 
sporangia of the fungus w ill germinate at a considerably lower tc'injicra- 
ture than was then supposed. ' However, the minimum' teinjxiraturc at 
which they are known to germinate is rather high (23° C.) as i^'ll Ijc 
explained later, and it is probable that this temperature does not occur 
commonly dudng and immediately after the cold rains of early summer 
in the north. So far as is known at present, it would require a*tempera- 
ture not lower than 23^ C. continuously for three days, with sufficient 
surface water for germination, in order for severe attacl^ to develop 
provided the spomngia are present on the plants. There is a question 
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as po whether these conditions axe realized to any great e^^nt in the 
?torthem States, and it is hoped that the disease will not become a 
serioua one in the Com Belt. 

(7) The rare occurrence or absence of the disease farther west is no 
doubt due to the semiarid conditions which ejdst there. The moisture 
requirements suitably for the development of an epidemic of the disease 
perhaps are seldom, if ever, realized in this section. However, further 
investigations are needed to determine in detail what the weather condi- 
tions are for the given sections and to study the possibilities for further 
development and spread of the disease in the Cora Belt. 

HOSTS 

Sd far as isMcnowft, all varieties of com, including pop com and sweet 
com, are susceptible to the disease. Of the numerous varieties obser\'€d 
in the South tliere seems to be little, if any, .difference in the degree of 
susceptibility shown by them. P. zeae^maydis also occurs on teosirite 
{Euclxlacna mexicana) , o. near relative of the corn plant. It is possible 
that the disease was introduced from Mexico or Central America with this 
plant. The fact that it has been found in considerable quantities on 
com in comparatively isolated fields where com was never grown before 
and where no com products were applied to the land suggests the p^ssi- 
bility that there are other hosts fo^ the fungus among wild plants. 

SIGNS 01' the disease 

The diseiise occurs on the blade (PI. A), sheath, aad culm (PI. B),and 
in rare cases it has be^n seen on the outer husks of the ears. Infection is 
usually mote abundant on the lower half of (he plant. Its first appear- 
ance on the thin parts of the Uades resembles the early stages of the 
com rust caused by Puccinia sorghi. It is ftrst evidenced by slightly 
bleached or yellowish spots, which become jiarker within a few days when 
sporangia are fonned. This darkening continues until the spots are 
brown to reddish brown, with a somewhat lighter margin. These spots 
are very small, seldom becoming. more than i mm. in diameter, except 
where two or more of them coalesce. The spote may in some instances 
be so numerous as to give the entire blade a rusty appearance. For this 
reason the disease is often considered a true mst by persons who dre not 
* iamiliaf with its nature. This rusty appearance is not uncommonly 
seen in bonds across the blades, owing to the nature of infection, which 
takes pla(ife*through zoospores in the bud water. On the midrib of the 
bladAnd on the sheath the ^pots become considerably larger. Often a 
single spot ivill m^une #,5 cm. across. They are irregular in shape and 
sometitnes may he aln^t square in outline. This is due to the fact that 
they are definitely limited by the cell walls. In the very early stages 
these spots are evidence^ by a color which is a somewhat darker green 
than the fidhnal tissue Mounding tiiem*^ This seems to indicate a 




stimulating effect caused by the. presence o( the invudi|g fungus. ^ few 
days later these spots are dark brown in (he center, owing, to tlie forlna- 
tion of the dark brown sporangia of the fungus. This change in color 
spreads until the entire spot is a dark or chocolate brown. These infec> 
tions are often so abundant as to coalesce, and sometime the entire 
sheath may become brown (Pi. lo), Wliere tlieinfec tions are as nume^ 
ous as this, the entire lehf often is killed before, die plant is niature. 
However, the disease is usually more abundant the purls trf tlie sheath 
which are beneath t*he overlapping parts where the moisture is held. 
The disease often is accompanied by a reddening of the sheath and inid- 
rib, and especially the latter, which may almost entirely mask the brown 
spots. After the plants begin to mature, the epidermis becomes loose 
over these areas and they appear as brown blistert. This dryicpfdennis 
breaks easily and the spores arc liberated as a bnnvn spore dust. 'Hie 
entire parenchyma tissues of the invaded parts are destroyed by the 
disease, leaving the vascular system as so liiuny free threads after the, 
spores have been liberated (Pi. n , C, K). On the culms the six)ts are 
very much like those on the sheath and midrib. They are usually more 
abundant at the nodes and just below Iheiuxlcs, where sjwrcs arc more 
likely to lodge and where free water is held by the sheath, llie culms 
o^en are completely girdled at the nodes and are very easily broken by 
tne winds after the tissues liave been invaded, llbe disease is responsible 
for considerable lodging of com in the South in the early stages of matur- 
ity. Only the lower nodes as a usual thing bccotne so thorouglily in- 
vaded by the fui^us as to be easily broken fid. 1 1 , A,IJ), Considerable 
damage' may result from severe uittacks of this kind. After the plants 
have fallen, the pith at iHe infected nodes will be foun<f to be filled with a 
brown mass of spure material (PI. ii, D). 

The signs of the disease on teexiinte [liuchla^na mexicana) arc very 
similar to those on com, ai^l therefore a separate description, will nt;t be 
necessary. 

The pronounced signs of the disease have led fanners to apply various 
significant, terms to it in the way of common names. The writer Iia.s 
heard the following names applied to it: “ Rust,” ' corn measles,” “corn 
pox,” “dropsy,” “frenching,” and “spot disease.” None of these terms, 
however, is in general use, and some of them—for instance, “rust” and 
“frenching” — would be incorrect, as com is known to be affected by 
other distinct diseases called by these names. The imine “falscrust” 
has been suggested as a desirable common name for the dise^. There 
would be a strong tendency, how'ever, on the part of the layman^to drop 
the word “false,” thus causing a con^sion with the true rust. Further- 
more, the disease on the sheath and the culm bears very little wsemblance 
to a rust. Since no satirfactory term suggests itself at present and since 
the scientific term “Physoderma,” seems to be gaining favor as a common 
name, the author suggests that this term .be retained, * 
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CAUSAT ORGANISM 

There still remains some doubt as to the correctness of the classification 
of the caasal organism. According to the description of Cladochytrium 
and Physoderma as given by the leading mycologists, the organism 
evidently belongs in one of |hese genera, The«ssential difference between 
the two genera lies in their method of reprodiKtion, The genus Clado- 
chylrium may have both thick-walled sporangia, or so-called resting 
spores, and thin-w^cd sporangia, or presporangia, while the genus 
Physoderma is characterized by having only thick-walled .sporangia 
(resting spores). As the species on com is not known to produce the 
thin- walled sporangia, its thick- walled sporangia definitely place it in 
tlie genus J’hysoderm^ Shaw’s (<?) description of the species from India 
was based almost entirely on the resting spores (sporangia). Barrett^ 
found the disease in the State of Illinois in 1911 and in 1912 declared the 
organism identical with the spCCies described by Shaw. Measurements 
of tlie sporangia of the fungus in America are practically identical with 
those given by Shaw (<y). Measurempits given by Shaw are 18 to 24 
by 20 to 27 /i, while the writer finds tne sporangia of the organism in this 
country to measure 1 8 to 24 by 20 to 30 /i. Therefore, so far as size of 
sporangia are concerned, the fungus in America is apparently identical 
with that described by Shaw from India as Physoderma zeae^maydis,^ 

DESCRIPTION OP THE ORGANISM 

The sporangia of the fungus,are smooth, brown, thick -walled, 18 to 
24 by 20 to 30 slightly flattened on one side where the outline of a 
definite cap or lia can be seen by careful obser\’ation. On germination 
this trapdoor lid opens, or is carried up by £lie top of the thin- walled 
endosporaugium, which finally ruptures at the apex and liberated a 
number of uniciliatc zoospores. These zoospores are 3 to 4 by 5 to 7 /x, 
with a cilium three to four times the length of the spore itself. The 
zoospores have a compafatively large central oil droplet or nucleus. 
After their active stage these motile spores come to rest, in most cases 
lose their cilia, spread slightly in an ameboid fashion, and germinate by 
putting out fine fibrous h>phae. The mycelium is composed of very 
fine fibers, about i fi thick, which connect the largje vegetative cells which 
Clhiton (j) and V^n Minden (7, p. 307-410) term **Sammelzellen” These 
enlarged cells, \^ich may pccur singly or in groups of two or more, 
prdduce sporalligia directly or send out short fibers which produce terminal 
sporangia. Ttfe fungus is apparently an obligate parasite, and the mvcel- 
ial* stage is seen only w*ithin the tissues of the host plant. After the 
sporan^ dSre mature no traces of the mycelium can be seen (Pi. 17, B). 
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GER.MINATION OF TH® SPORANGIA 

The more essential factors influencing sporangium gemimation and 
zoospore formation are moisture, temperature, and fresh air. After tfie 
sporangia have become thoroughly dried, it is very <iimcuU to obtain 
germination. Sporangia which have just matured germinate readily 
when taken directly from the green corn plant.' Germination was l)esl 
obtained by placing the sporangia in a small amount of watt*r in n vfatch 
glass or other shallow vessel; which was in turn placed in a large moist 
chamber, the sjwrangia seemed to germinate e(|\ially well iu eillier 
distilled or tap water. The moist chamber was kept in an iiicubiUor or 
placed in the open room wliere the lcini>cralure was high enough for tiic 
germination of the sporangia. An incubator, in order to gi^'e good rt*- 
suits, should be large and well regulated so as to keep the air as fresli 
as possible. The moist chamber siioyld be kept tliorougldy damp and 
should be rather large. The temperature should l^e kejit coiislautly 
between 23° and 30° C., and preferably at 28'’ to as this seems to be 
the optimum range of tetaperalure for germination. Sporangia placed 
as nearly as possible mider tliese conditions often fail to germinate for 
Some unknown reason. At other times sporangia from the same source, 
germinate readily. 

\fith the proper conditions of temperature, moisture, etc., the endo* 
sporangium absorbs watet and begins a process of swelling, which caiLses 
the, lid or cap of the rcstuig spores to oj>eu in doorlike fashion or to be 
carried at the apex of the protruding cndospf)rangiiim (PI, 1 3, h-d). The 
lids begin .opening in from 30 to 48 hours after tlic sporangia liayc lK*en 
placed in the incubator. The granular content of this ^dosjK>raiigium 
begins rounding up into small npclci, or oil dro])lcts, which finally become 
the central bodies of the zof^pores. Within a few hours after tlie sporan* 
gia start opening, zoospores are foniied with the small oil droplets as 
centers. A small projection, or pajnlla, develojw at llic ajicx of the thin^ 
wailed endosjxjrail^ium, and after the zoosjx)rej[orniiition is ctimplctc a 
movement of the contents of the eiidosjwrangiuin can lx? seen to take 
place toward the projection, which breaks o])cn, wliereupon the //xjsporcs 
are liberated in rapid succession (PI. 13, c). 'I'hese zoospores, wliicli'arc 
usually 20 to 50 in number, swim awa)^ at first with a very jerky motion, 
which gradually becomesfeorc uniform until their motile stage ha« ended. . 
This occupies from one to two hours, depending somewhat on llic tcm()cra- 
ture to which they are su^>jecled. With coolor tcmpcraturcj^ thei r active 
period is shorter. After their motile stage is over they settle doW and m 
most cases lose their cilia and spread slightly in an ameboid fashiort 
before germinating. The various stages of germination and zoospore 
fon^tion and activity were studied with the aid of tfie high power lens 
of the microscope which wa» immersed in the zoospore suspension con- 
tained in a watch glass. The water in this case serves very nicely as an 
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immersion fluid. After the majority of the zoospores have escaped from 
the zoosporangiura, it is very often the case that the collapsing wall of the 
endospomngiimi catches one or more of them vrithin, where their motile 
stage can be easily studied (PI. 13, /).* A single zdospore has plenty of 
room to swim around within the empty spor^gium. 

* ZOOSPORE GEMINATION AND HOST PENETRATION 

Within one to two days after the zoospores have come to rest, they 
begin to germinateby sending out very fine, fibrous hyphse (PI. 1 3, A), which 
cease to grow after they have reached a few microns in length if they fail 
to come in contact with the host plant. Few of them ever reach this 
stage if they are kept in ordinary tap water, for they serve as a prey to 
bacteria and numerous protozoa. They break down completely and 
apparently disappear under adverse conditions. The small hyphae which 
were produced by the germinating spores were made Visible by applying 
to the spore solution a few drops of 5 per cent potassium iodid with 
enough iodiii dissolved in it to give the solution a dark-brown color. 
This gradually killed the zoospores stained them slightly at the same 
tim^ This method was Used for staining both the cilia and hyphse of Uie 
toospores, wljjch are so small that it requires a high power lens to make 
them visible. In' this case the imnjersion lens vras used in the mangier 
previously described. 

If the zoospores are in contact with the host epidermis, the fibers con- 
tinue to grow after germination and penetrate the epidermal cell walls, 
tliereby producing infection (PI. 14), Very delicate technic was 
required in order to determine this point. The bud of a young corn 
plant was unfolded until the very thin white tissue, which was free from 
cholorphyl, was obtained. Sections somewhat smaller than a cover slip 
^ere cut from this thin leaf tissue and placed on slides. Drops of a 
zoospore suspension containing numerous spores were placed on these 
thin sections. The slides were ^len placed in the moist chamber and 
incubated at the same tettiperature required for resting spore germination. 
♦After two days a drop of the iodin solution was placed in the drop of spore 
suspension, a cover^lip placed over the section, and an examination made. 
It was necessary to pse the immersion lens to see what was taking place. 
Oil could not be used on a loose cover placed in this manner because it 
was so viscous as to hold tlie cover slip while tlie slide was being moved, 
and thereby disturbed the sections. A drop of water was used instead 
of oil and was foulld to be fairly satisfactory. At the end of two days the 
Ae, fibrous had, in cases, penetrated the epidermis, and some had 
produced t]|e large swollen cells within the epidermal' cells of the host 
(PI 14, The ^rminating zoospores were more commonly found 

attached to the host near the dividing #all of two epidermal cells. In 
some instances more than one tiypba .was ^en passing through the host 
oeR wall frdbi a sin^ zoospore (PI. 14, a, 6,d). 
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DEVEIX)PMENT OF THE FirNGUS ’WITHIN THE HOST TISSU^ 

So far as 5 s knovra, the fungus is an obligate parasite. After roospore 
germination and ho^t penetration the fine mycelial fil)ers in\’tide a number 
of the surrounding parenchyma cells, forming numerous enlarged cells. 
OT Sammelzelien {V], 15). These enlarged cells arc always intracellular, 
and are often in groups of two or more. A ntiiuU'r of tlie small fibers 
are usually found extending in various directions froth these cells. *Thcse 
fibers penetrate thehostcellwallsatany point (IM. 16, a-i), passing diux'fly 
into the adjoining cells which arc likewise invaded througli the same prixj- 
ess of enlarged cell and fiber formation. .Connnonly where the host cell 
walls are penetrated the cell wall and the hypha of the fungus seem to l>e 
unmodified. In some cases, however, there may l>e a slight enlargviuent 
of the mycelium or a slight thickening or modification of the host cell 
wall, or i^rhaps both (PI. i6,a-f). The hyphar of the fungus arc so small 
that no opening can Ixj seen where they pass through the cell walls. 
The enlarged cells of the fungus may a])parently develop dirt*ctly into 
sporangia or send out short fil>ere which produce a single terminal 
siwrangium. In cases where thc%nlarged cell develops directly into< 
sporangia there is a rounding up of the content of the enlarged ccHs 
around a denser part of the protoplasm, wliich*is to all hppcaraiiccs a 
nudeus. \\Tiere fiber^grow out to ])roduce terminal sporangia, they may 
arise directly from the enlarged cells without any noticeable disturbance 
to the nuclear structure. In sonic instances a double nucleate condition 
is seen, and a thread or fiber develops from this stnictiire to produce a 
terminal sporangium (PI. 16, y). A very common form of the enlarged 
body is anelongatedstructure'contairiing from two to fourcell s (PI. 16,/, 9), 
but more commonly two c^lls. These structures, which have very thin 
walls and less dense protoplasm than some of the more compact struc- 
tures, are'often found to produce sporangia on the thin libers. Where 
there are only two cells present one may give up its contents and collapse 
while the other may develop directly into a sjxjrangium or produce a 
sporangium at the end of a hypha. In some cases b<Jth cells reproduce 
in one way or the other. The same is true for the three-celled and four- 
celled bodies, one or two cells of wliich apparently luay collapse while 
the others produce sporangia. The double nucleate condition was more 
noticeable in structures of this kind. 

After the formation of sporangia is complete, the invaded host cells 
are usually filled with thtm (PI, 17, B). No traces of the mycelium or vege- 
tative cells can be seen at this stage. These parts are entifcly absorbed 
or broken down in the process of reproduction. The host cells app^r to 
be slightly enlarged, owing to invasion by tlie fimgus. They die as soon 
as the sporangia are formed, as their protoplasfn is almost completely 
destroyed by this time. In th^ early stages of Invasion there is a stimu- 
lation of the invaded cells Which ^ brought about by the presence of the 
parasite. This no doubt accounts for the noticeably slight Enlargement 
of cells. 
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FIXING AND STAINING METHODS 

Material obtained /rom the different parts of infected plants at 
various stages of the development of the disease and killed, preferably in 
Klcmraing’s medium fluid. The material was put through the reguter 
process of washing until it had been passed through 70 per cent alcohol. 
It was then placed in a 10 per cent solution of hydrofluoric acid and 
allowed to remain for three or four days to remove any silicates whjch 
might be present. Sections not treated in this manner injured the knife 
and could not be sectioned satisfactorily. The material was then returned 
to 70 per cent alcohol and the regular process followed until it was 
embedded in paraffin. 

Three different stains were used for differential staining of host and 
fungus tissue — namely, Delafield's hematoxylin, and Flemming’s triple 
and Pianeze stains. Both the triple and Pianeze stains proved to be 
desirable for this purpose, while the hematoxylin was not satisfactory. 
^ The orange G in the triple stain was taken up very readily by the fungus 
and was very desirable for staining the small hyphae. The Pianeze stain 
•gave the fungus tissue a pinkish color and served to bring out more of 
the details of structure, especially in the reproductive bodies. Sections 
from lx>th corrf andteosinte were stained, and the more successful sections 
were obtained*from the thicker parts of the sheath tissue of teosinte. 

artificial inocul.\tions 

Artificial Inoculations were first tried in the greenhouse at Madison, 
Wis.jin the wint^ of 1916-17. A special section of the house was ob- 
tained for this work, one which a fine spray of water was kept going 
to keep the room damp. The temperature was kept at as near 30° C. 
as possible, which was perhaps a little too high for the germination of the 
sporangia^ The plants were inoculated by spraying a suspension of 
sporangia behind Uie sheaths and in the bud. None of these plants were 
infected, for some reason. Inoculations were made in a similar manner 
on plants in a small isolated plot at West Raleigh, N. C., on July 23, 1917. 
At the same' time these inoculations were made there was a daily occur- 
rence of summer shdwers which continued three days after the date of 
inoculation. These plants were kept under observation by Dr. F. A. 
Wolf, Pathologist of the Station, who observed the first signs of the dis- 
ease 10 days after the inoculation had been made. Two weeks after the 
inoculations had been made, he reported the presence of the dark-brown 
spots caused by the presence of abundant sporangia. The writer received 
specimens from these plants for his collections. In May of this year 
(1918) inoculations wemniade on com growing in the greenhouse at the 
Arlington Experimental Farm at Arlington, Va. The weather was very 
warm, and it was neeessar\' to spray these plants twice daily in order to 
keep the bud and sheath water from evaporating. On the writer’s return 
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from a field tripfour weeks later, June 14, he found that the diseasi' had 
developed to a more or less extent on most of ilie plants which were intx'- 
ulated (PI. 12), 


■ In cases where infections were obtained, the U4)[>er leaves, whiph were 
in the bud at the time of inoculation, showed t!ic disc^asc near (heif lips, 
while leaves which were mature were dise;ised at the b:iM\ 'I'lus exjdains 
in part Uie fact that in the field tlje disease inaN* Ije present only on the 
tips of blades or confined to the basal parts. The (xxnirixnioe of the dis- 
ease in bands of alteniating heavy and light infection uero»s the blades, 
which is often \’cry noticeable, is no doubt due to the cfTeet on sjKmaiigia 
gennination of alternating periods c»f favoraldc and unfavorable tem- 


perature and moisture conditions while the leaves are emerging from the 
bud. The part of tlie blade wfiieli haj)iHnicd to l>e in eon tact with the 


bud water wliile (be zoospores were being Iil>e]ated iKvanie inftx'led. 


OVliRWlXTKRINC. 01- TllK SPORAXOIA 

'Jhe sporangia of Physoihrvui ztiit-niuydiy pass the winter in tlie oh! 
infected plants and in the soil, and germinate the following sumim r to 
produce new^ iiifeetioiis. Tli rough the kindness of Dr. H, lb Stevens, of 
the Florida Agricultural College, fresh sporangial inaUTiaf was obtained 
froni Florida at four-week intervals from January (o A[)ril, 1917. Thes<‘ 
sporangia were found to b j viable each lime. Sjjorangia coilecied at the 
Alabama and Mississipjn stations in .May and June of the same year 
germinated readily. vSporaiigia buried about 3 inches deep at Clemson 
College, S. C., Sejitembgr 7, 1917, germinated in small percentage-s as 
late as Jubf 20, 1918. The'se sporangia were taken from the soil on 
July 10. Sporangia left alx)vcground at the .same point genu ina led also. 
StKjrangia taken from the field on January 5 at Agricultural College, 
Miss., and buried 3 to 5 inches deep gcnninaled alxjut 50 f)er cent on 
June 20. Sporangia which remained alxjveground in an open Ix)x gave 
a lower percentage of germination. This may be due to the fact that 
the sporangia aboveground were much drier when the tests were made. 
The winter was severe at this p^)int, the temperature at one time being 
as low as zero Fahrenheit. This temperature a^iparently dries not 
injure the sporangia, as the author had allowed sporangia to freeze in a 
cake of ice at the Wisconsin Station when the tein|>crature w-as —8^ F. 
After several days tlie ice was melted from the sjxirangia, and some of 
them germiiiated. Sjx)rangia collatled in Alabama, Florida, and ^lissis- 
sippi in June, 1918, show^ed a Iiigli percentage of viability. * Sporai^ia 
collected in South Carolina as late as July were found to l>e viable. 
Later tests than these have not been made, and -it may be jwssible tfiat 
these sporangia live in the old infected plants and in the soil for a numlzer 
of years. Material has been prepared for further tests. 
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DISSEMINATION 

This|ungus,tis is the case with many others, is no doubt disseminated 
in numerous ways. * After the infected plants are matme the sporangia 
are li^^ted in large quantities and are free to be carried by such agen- 
cies as wind, running water, insects, and various animals, including man. 

Wind is certainly responsible for considerable dissemination of spo- 
rangia. This was demonstrated, as will be shown by Tables I and II. 
Table I shows the results of sporangium catches on common microscopic 
slides at Agnc^ultural College, Miss., in January, 1918. These slides were 
coated on one side with ordinary vaseline (a method used by ilr. H. D. 
Barker, of this Olfice, for catching wind-blown spores) and were placed 
on stakes i inch square at heights of i, 2, and 3 feet. "A slide was placed 
on each of the four sides of the stake at the different heights and held in 
place by rubber bands passing around each end of the four slides and 
the stake. The stakes were pla<Sed, in the field so that the slides were 
facing the four points of the compass. A larger number of spores ,\vere 
caught on the slides facing the prevailing wdnds at the time the experi- 
ment was conducted. The slides were brought into the laboratory and 
marked ofif crosswise in narrow strips by running a sharp pencil through 
the vaseline. These lines served as guides wliile counting the spores 
with a microscope. 


Tablij 1. — Catches of uind-blown sporangia of Physoderma zeae’maydis at Agricultural 
, College, Miss., in January, 







Number of spo- 


Date. 

IJimttiWi of wmil. 

Kclatkm of stake to 

Direction 
slide ^ 

raaguon&Udes. 





ezc>o$ed. ’’ 

rfl. 

lit. 

3 ft. 

1 

0 

Jan,. JO- 13 .... 

Storm from north- 

In infested field 

North. 

2 

30 

us 


east, changea- 
ble afterwards. 

near diseased 
plants. 






1 

do 

do. 

do 

East 

40 

9 

17 

s 


. . .do 


South . . . 

2 

It 

’ 7 

t 

do 


... do....T 

West . . . 

12 



2 

do, 


At northern edge 
of infeed field. 

North... 

0 

2 




• 




2 

do 

do 

do 

East. . . . 

46 

12 


2 

, , . . do 

. , . .do ; . . . 

do 

South.. . 


8 


2 1 

do 

do 

. , , , .do 

West. . 



-d 

. . 

Northeast tosoutli. 

30 yards from i 

North 

I 

0 

0 

1 


\ west side erf in- ' 
fested field. 



; i 



l\ 

do. 

do .t . . . , 

. .do. ..." 

East. . . .1 

2 

1 0 ! 

0 

dti 

do 


South., . 

2 i 

i 0 : 

I 

3 

. dd. . .. 


1 do 

West. . .j 

0 : 

0 i 

0 

. .do. . ... 

, , . . . do. 

1 30 yards from i 
east tide of in- 

North.. . 

7 I 

I 4 

1 







. 


fested field. 






*. .ado 

do ^ . 

do 

East. . 

3 

1 3 1 

a 

4 

. . . .>do 

do. .. 

do — 

South.. . 

J 

1 2 

2 

4 

do ' 

do 

’ . . . .do. 

West. 

34 

0 : 

0 


1 ^ . 1 

1 


1 ! 



* Stake j was biown down durin^tbe cxr^nnieiit. 
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The results given in Table I show that the spi^ningia of i\ zeae-m<\\dn 
may be carried by the wind in considerable numbere. ^4th the abua 
dance of sporangial material which is present in the Ikids after the coni 
plants have matured it is quite possible that niaivy of the sjxiningia are 
carried by even the very slight breezes. 

Further experiments were conducted at Clemsoii College, S. C., in 
April, 1918, to obtain additional infonnation on the dissemination of 
sporan|[ia of the fungus by wind. Slides prepared as incnlimied above 
were placed on stakes without regard to direction in a ficUl ^’bere the 
com plants had been badly injured by P.seoe-fTwyWw in 1917. Theplants 
were cut in the fall of 1917 for shredding, but hot until the sjxitangia had 
been liberated in large numbers. At the time the slides were phiced the 
field was being planted to cabbage and most of the remaining jiurts of 
the com plants had been plowed under. There was considerable wind 
and rain during the time the slides we^e kept in the field. Table II 
gives the results of these sporangium catches. 



The results given in Table II show that a consideral>le nunihftr of 
sporangia arc carried by wind even after the plants have lx*cp removed 
and the soil, has been plowed. These sporangia were douhllc.ss blown 
from the soil surface as well as from the small parts of discard plants 
w^hich remained uncovercef. Some of them, however, might have 
reached the lower slides through spattering rain drops. 

Overflowing streams or surface water flowing through infested (X)m 
fields after heavy rains may carry large nuinbers of sporangia to be 
deposited along their courses. The disease has been foiAd to Ijnc more 
abundant on overflow lands and near streams. Within the inf feted area 
the ^sporangia doubtless reach their host plants in some cusas through 
spattering rain water. 

Man is perhaps one of the most im|)ortant agents by which the fungu^ 
is disseminated. In removing diseased plants for stover, fodtle/-, silage, 
etc., large quantities of sporangia arc carried to the bams, andiBome- 
times they may be shipped considerable distances with thb material, 
After these products have been used as feed for animals, the barnyard 
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manure is utilized as a fertilizer, and no doubt <»rries with it a large 
number of viaWe sporangia which serve as a source of infection to com 
j)lants grown on the land in t^e future. There is considerable doubt' as 
to the possibility of the sporangia’s remaining viable after passing 
through the silo or the body of the animal, as no experiments Ijave been 
conducted to detemiine this point. However, ’sufficient sporangial 
material to serv^e as a. means of dissemination escapes the action of the 
silo and the digestive processes of the stomach of the animal. This 
would be especially true with stover and fodder, where the tougJ, thick 
parts are not eaten by the animals. Hay, unhusked com, or any other 
plant products removed from infested fields and shipped to various 
jiarts of the country would serve as an ideal means of disseminating 
zcac-maydis. This would hold true especially in late ‘fall, when tlie 
sporangia are l)ting liberated in so grept an abundance. 

•There is a remote possibility of tbe dissemination of the fungus to 
a certain extent b\’ being carried on the seed. However, very little of 
the <Iisease has been sewi, even on the outer husks of the ears. When 
the ears are husked, the only chance for sporangia to be present on the 
seed is for them to be brought in by some foreign agent; as they are not 
produced inside the husks. If the husking is done in the field it is quite 
probable that souie of the loose sporangia will lodge on the husked cars, 
however, a few (d t lie in are present on the suiface of the kernels of com 
wlien jilanted tlie chances are that they will not be able to infect the re- 
sulting crop becanw^^fbey are buried with the seed in the drill row, where 
no cultivation is given and there is jiractically no chance for them to be 
disturbed. 

If they were to germinate in the soil, the zoospores \toul8 ha\’C no 
chance to reach the surface to infect the com plants. There is a possi- 
bility, however, that the sporangia might live over in t|ie soil until the 
following .year, or even longer, and finally come in^contact with com 
plants, though the possibilities of dissemination in this manner seem to be 
comparatively small. 


^OSSlIUJi CONTROL MEASURES 

No definite means of control has yet been discovered for the disease. 
However, certain measures may be recommended for reducing the amount 
spotangid ^laterial present which would have a tendency to reduce 
the severity of the attacks^' the fungus. These measures may be out- 
lined as follows : . 

(A) Tfte ’quantity of sporangia present could be greatly redneed by 
.burning the old inf tod plants after the com has been harvested, but this 
would be a destructive practice, especially in the South, where the disease 
is imjfcrtant and where organic matter is so badly needed in the soil. If 
the plants could be cut into \^ry fine pieces and plowed under deep 
enough so that they would not be disturbed by ordinary^ cultivation the 
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quantity of infectious material for the following year would be greatly 
reduced. Where the com is used for silage or stover, the plants should be 
cut as near the ground as possible and as early as feasible, in order that a 
large part of the sporangia! material may be removed. Barnyard manure 
containing these and other com products should not be used to fertilize 
com aad should not be put on land where the disease has not been known 
to occur previously. 

(B) Crop rotation may have a tendency to reduc^ the amount of injury 
caused by the disease. The most severe cases knovm have been on land 
where com has been grown continuously for a number of years. In a 
system of rotation the com plot shouM be removed as far as jwssiblc from 
the previous plot, as the sporangia of the fudgul are wind-borne. Hence, 
a change of only a short distance in the location of the com plot probably 
would have but little effect as a means of reducing the amount of disease 
present. The longer t^e duration of the rotation, the l)ettiT the results 
are likely to be. 

(C) Where the disease continues to be severe, there is a [wssibility of 
selecting disease-free plants and from these obtaining a strain that will 
be resistant to attacks by the fungus. In order to keep flieni pure, tliesc 
plants would^have to be selected from pure varieties and grown under 
conditions where crossing could not fake place. It seems hardly possil)le 
that a variety will be found which natuplly resist^ the disease, as no 
indications of such a variety ha^as yet been seen in the various varietal 
experiments in the South. 

p) Control through seed treatment, no doubly is worthy of little con- 
sideratifin because there is slight chance for the sj^orangia to be sced- 
bome. However, when seed com is transported from infested territory 
to territory free from P. zeae-tmydis, seed treatment would bc*a desirable 
precaution, provided an effective method and means of treatment can 
be found. Sporangia immersed for lo minutes in a 4 per cent solution 
of copper sulphate leraained viable. This treatment was used to kill the 
bacteria on the surface of the spo^ngia. 

SUMMARY 

(1) Th^ Physoderma disease of corn was diseftvered in India by vShaw 
in 1910, and in the State of Illinow by Barrett in 1911. 

(2) The disease occurs throughout this country as far westward as 
central Texas and Nebraska and northward to southern Minnesota and 
New Jersey. It has perhaps almost re^c^ed its northern limits, owing 
to lew temperatures, and its western limits, owing to semiarid conditions. 

f3) Considerable damage iS caused to corn in the Atkntic and Gulf 
Coast States and in the Mississippi Valley. The amount of damage * 
varies with weather conditions, moist and warm weather. being more 
favorable for its development. 

2 
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(4) The disease is caused by a spedes of Physoderma, one of the Phyco- 

mycetes, which is probably identical with ^aw's Indian spedes, P. zeae- 
maydis, ' * , , 

(5) The sporangia of the fungus Hve over the winter on the old, dis- 

eased com plan& and in tfie soil, and germinate the following sununer by 
producing numerotis zoospores which infect the com p^ts and cause the 
disease. ^ ^ 

(6) The spofluigia i^uire free water and a high temperature, 23° to 
30® C , , for ^rmination and ^losPpenetration. 

(7) The fuiigus is disseminated by idnd and prot^fibly by other agen- 

des—for example, flowing water; iniects, and various animals, including 
mans * 

(8) There is a possibility of controlling the disease to a certain extent 
through sanitatimi, crop rotation, and resistant varieties, although this 
has not been positively proved. 
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PLATE A 


Com leaf showinjf the cfTcct5 of an attack by Physoderma seae-maydis. Notice the 
light brown, rustlike appearance on the thin parts of the blade and the larger, dark 
spots on the midrib. This difference in color is due to the fact that a greater number 
of the dark-brown sporangia arc produced in the flediy tissues of the midrib. 








PUTH B 

Sheath Knd ailm of com plant showing the cfTocUof Phywdfrma icaf-nta:yjis. fn 
the- Si* parts there is a large j>roductum of sjjorangia, which cauM'S the (hirk sjxits, as is 
true in case of the midrib of the blatle as st'en in F'hite A. In simu* cases the entirc 
shcath is darkened and the n^xJes comidctcly girdled \>y tlic fungus. 



PLATK lo 

Hladc and sheath of com showing the effects of a severe attack hy Pkysoderma 

St'oe-niaydis, 





PLATH M 

Old sheaths and culms of com showing cfTects of «-vere attiu ks ]>y /'hyiotirrma .omc 
mayJi.\: 

A, R.— Badly diseased stalks bmken over at weakened, infected lower ij>«les 
These are the effects of the disease in regions where it is most destructive. 

E-— Portions of old attacked sheaths showing characteristic shretlding, ^Hiese 
old infected sheatlis contain countless numbers of resting spores which l)ecome freed 
and arc then blowTi and washed alxjut when sheaths become weiithere<l ;ui<l shredde<J 

15- — Portion of an old infected stalk showing discoloration both on oul.side and in 
pith due to the attacks of the fungus. Numerous spores are found in all attacked 
portions. 



PLATE 13 

Blades and sheath of corn showing the Physoderma disease produced by inoculating 
phmts in the greenhouse "with a suspension of the sporangia of P. uae-tnaydis in tap 
watfT. Tlic suspension was poured behind the sheaths and in the bud of the plants 
and the plants were sprayed twice daily to keep them damp. Notice the dark area 
around tJic diseased tissue in the bottom figure. This is a dark-red color which is 
often seen on diseased plants in the field. 




Plate 13 




PI.ATH VI 

Phy.^mlfTTtui seae-maydu : Yarimis stages in the gernuiiatum of s]x>rai^ia, fi>ntjati<m 
of iix)S|X)re, and gemiinatitm of 

a. — Sporangium, 

h, c, if. -Opening sporangia showing the early stages of wxKjJore formation. 
e.--Mature r-fJosyKnt-s escaping tlinnigh the mptured apex of the einUisjxjrangiutti. 
/.--inie collapsing cndosjxmmgium after the loosporcs have esc ape tl. A single 7<»«> 
S[x>re remained within the sjxirajigitun. The active stage of i<K>sjy)rea remaining 
within the spf)rangiuin \v:ls cicsily studied, 
y, — /Caisjx)res. 

A,— Germinating toospi>rcs. 



PLATE M 

Physodermo zeoe^tnaydis: 

a-f , — Zoospores germinating by fine threadlike hyphae which have penetrated the 
epidermal cell walls ol a tender leaf of Indian com. In c, e, and J the enlarged cells 
have begun to form in the epidermal cells of the host, 



t’lMl 1-1 








/ 


/ 




Plail 15 


A 


(/ 

* 

% 

( 

1 

1 / 

b 

ii 



,/ 



/' 

‘ . 




PLATl* ij; 

PkyiO<Unrni necK-maydis: MyctfUal stagi-s witliin tlip h<wt I'l-Us. 

a-4. —Drawings from ordinary lugh-|»jwx-r inagnifiL-atiinLs showing the- lilx-ri and 
enlarged cells of tile inyceliuiii. 
e~g . — Drawings magnified with oil immersion lens 
6, d, g. — Notice the young sp*jroQgia at Uie ends of the short hyphac. 



PLATE 1 6 

Pkysodtnna uoi-maydis: 

a-t, Mycelial fibers penetrating the cell walls of the host tissue. 

/, g. DifTerent types of reproductive bodies. Notice the double nucleate condition 
in figure g. 
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Physo(Urma zeae'HuiyiJu: Phototnicrxjgraphs showing the different stages of the devi-I 
opnient in the host tisstic (teosintci. 

A. — Notice the reproductive ixxlics c<mncctctl by the very Ime threadliki- liylm- 
in the central cells of the figure. 

B. — Host cells filled with mature sporangia. 
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